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E. S. Oeffaoy ●d J. h. Brom

Carth ●d Spoca kiancea Divi8ion
Los A:a90s Natiomel bboratory
Los A24m08 , NM 87545

INTRODUCTION

LOU ●mplitude shock uavas in hichly d~.xpazoiva ●edia such ●m dry ●l-
Luvium quickly dsgamrate into ratp uavo%. OM rawlt of this bahavi- is
that ●tandard ●xplosiva tmchniquaa u%od for dynamic tmmtim~ of such
●aterialm do not produca data under conditions rolavanc to ●oat r~al ap-
plications ●uch ●. confinsnnt of bur~.ed ●xplosioms or asaao880nt of the
●ffects of ●XPLOS1OIIS om buried stwcturcs. UC kVC davclopxd Wdmi MB

?for testing so~ls dyaxmically ●t ● trsin rates ramSiug from about 10 to
●bout 10* ●SC 1 in uniaxial straia uaimg ● Hepkinaom bar. This admit-
direct comparison with dam from gas gur tocta uh~ro strain ra teo ●ra in
the rante of 10” to 105 aec-l. This, in tumi, par-its the o~paratiou of
inertial ●ffects frm direct strain-rati tffects. In ordar to ssoist in
●valuation of tho reaulta ua hsre also d,velopod ● OUQ dimensional
microphyslcal xodel of soil.

CXPERIHENTAL NCTHODS

A Hopkinmoo bar is ●houn ●chamatically in ?l~ure ~. It consists ●c-
centielly of two LOUS, round bars. A cy\iLdrlcal spaciaom fs pLac@d
between the two bars ●d ● compraosivo straw putss is saneratad ●t tha far
●nd of one of the hers. This pulse travsls tha lsa~tk of tha bar whers it
10 incidaot am the sample (bamac tha tarm iaaidan? bar). At ti- icitsrfaae
between th~ incident bar ●d the ●pesimn, part of tin ●norSy is rafhc-d
back into the Incidant tar ae a rcflactad pu~oa ●ad part 1s traasmittad
into the ●paclnn. This httar mntinuas through the ●pecloen to tha othar
surface uherm a portion of it aontiuues into tlm other bar (aallod tha
tramsmittar kc) as a traamittod pulm. ThG ●troaa puL808 in the bar8 ●ra
recordad with strain -au~as wuutad sufficimtly diswmt from ●ithar ●ad to
praveot ovatlap of tha uavstra ino. A ●om~mtus trap ● t tho ●nd of the
tramm ittar bar Drevamts multipla roflaationm of tha ?rantmittad streeo
wev~. Tha bars ra~im ●ISS*.lC during the pasaage of the •tr~ss mve so the
strain SSUS6S aaaurataly reproduca tha strass historios in the hero.

Our Hopkioaon bar aouaista of imaidcnt and trammittar bars ●upportad
by ● rcsction frame. the bars ●ra 00.3 m diametar, 1.22 ■ lom~, •ra~inu
staal with a yi~ld ctrasa of ●bout 2 GPa. Tafloa bushings in the GrOSZ

=ambaro of tha raactioa frama oupport tho baro ● t ●bout half ma tar
int~rvals. 8treso wavat in tha bars ara monltorod by strain SSUCQ pairs



Fi~ur_ 2. Hopklnooo Mr ●ampla holdsr foi 0011.
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AMALTTIUL ~HODS

Cnnoid@r tha ●xperlmant la prcoouro-pmrticle vo~ocity spQca as il -

luatra cod in figura 4. Tha otraso mavo in tlw bar L-o thm ctaol frou tJM
origin to tha paak of tha otoal load-unload o~rvao Ut100 tha wava
●ncount-ra thu inc9rfaca . CM saal unloadt to tlM stata doai~n.stcd u

Whi Ctl in .L~O tha ● tAtA in Ch4 ●Oil. Honva r. wh.n *t *v. (or it!’ .!!
tonuatod countorpmrtl ●rrivoo ● t tbt roar of the ●ampla, it ●ncountora
st~al that i. not moviq, ad a roflgad .tatc 1s macurd whioh Liao ● t
tha intaraaction of t.IM roflacwl Lodiq ouma for tho ooi L ●nd tha im -
tial loadi~ CUWG for tha OMG1 st u , Pm. If thu op90d 0? CM raflaccad
. . . . is n timsa th~t of w incid.nt ~v.. ~ fid -t thu ratioa ar.

Ttn taclmiqua Just outllmd will ~ork. wall ●0 lon~ :. tha loading
curva of ths ●sil 10 fsirly smooth ●d all mvao ●ro oompraoalva. If tha
loadln~ CUWG ia Oot smooth, tbu raflcctim o~fficianta just darivad will
not ba naarly toaatant, ●d ● ●implo ●u] tlplinaciva factor will nor ralmta
tha traa-field am” ~aa,,rd wava forma. Thin ●ight occur if tha moil Iul ●
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PARTICLE VELOCITY
Pigura G. Hopklnaon hr Ust of soil in pmaaura-p.articla valocicy apaca.
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to 6.108.-2,Li. sub.tiati.kly ●bov. th. otbr curv.a.
which r. rossni s.rain rat.. up to 10~ ●nd 3X1O’ 8 A ●nd ●ccaloratioaa up

B8caumm of tho
similarltj of s train rams at tha lo-r ●nd of thx gAs gun ragim ●nd tho
up-r CUI of the Hopkinaen bar rogim, tba distinct balmvlor of thx ●0LL in
tha gaa gun casts is probably due to inertial ●ffscts rathsr than to diract
strain-rata *f facto.

Tha losding bahmvior of this soil can ba roproducod by ● simple ona -
d imansional ZO1l =odol which treats the ooil ●s ● collection of calls, ●ach
composad of Chraa ●lamsn ts. # typical call comcicts of tua rigid imlf

cubam of a ●and &rain 1 on ● sido ●paratad by void ●nd a pll Lur of 3

llingtmm material of dimansiom I=IxIo /( 1-. ), Mhara Oc and o ● rc tho
volume fractions of clay ●nd sand , L8p9ctivaly. By conaid~rlng tha

strength. “viscouc” flow, and horisobtal ●rid vartlcal imartia of tha
deforming clay pillar, ●lrng with th~ inartia of tha sand, tho ● tress-
strain relation for this CC1l can LM wtittan as

whar9 p ●nd o ara tha dansicics of tha sand md clay, roopoctivoly, and

a o i? th ●traggth ●nd ~ tha “viscosity” of tha Binghm material.

At first glanca, this ●ppaars ● rathar f~arsom for .ulation. How v. r,

of savan material propartias in tha 8xpr98sion (c s 1A, ● , 0 , 0 . 0 ●nd
l), only tha first two camnot b. datorsimd by ~tanda~ s8il ~natysis
nochods. Tha valuo of P will ba thx grain dsnsity of :IM Mnd fraction of
th coil. Ttm VSIUG of ~ can h oalculatad from tha grain damity of tho
●ilt ●nd clay fraction \lus tha uator contmt. VSIUOS for 1, 4 a8d 0
will hava distrlbutiona in ● typical sail, >ut thoxr sasn valuasc tan b#

Th9 low strain portion of th9 static bahatior 1s most ●anaitivo to tha
diatrihution of .= ●wl to Uo. Ua hsva ●ssuxad ● bata-distribution for *C

0.5 2.25
P(~c) - B(l.5,2.23)[&] (1+) .

●
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?iCurc 6. Smaos-strain paths in dry sLLuviun: —- —o~tic, — Hopkin@on

bmr , . . . . . . . ~ms gun, — —ca Lcula~d sutlc, x tilculatmd gas gun.

whcra B ia tha hatm function. With a yiald ● traan of 10 ftPa wc get ●

static otrgos- strain curvo ● s ohon in Figura 6. with ~- 103 Ps *o,
nof thar tho Hopkinoon bar nor tho css gun rooponaa would M ●ppreciably
abova * static curvo in tia ● boanco of inartlal ● ff. eta. Al though wc
hava not jat calculated tha complata loadi~ pmth using Ma raal strain

hiotorioa, M inartl~l ●ffects would brint tba otraoa-n train path CLOSC to
tha ●oaturcd sss gun r~aponsa with tha MJor ioartial contribution bclng
from tha sad fractlou. For ●nmpla, t-ha stroos-strain point indica Lad by
tha mymtioi in Figura 6 would b, pradictd for tha nominal strain, strain

rau ●nd strait ●ccalaration nf tha sam sun tao tn.

In simulating tha Mhvior of thl. soil w bv~ mr~ly ooloctad Jo and
M to fit thd ata. T,ara in ●n ●xtanaivc lit~raturc on tha rheolngy of

clsy-ua tar mixturaa. For ●oot such ●ixtu,-oo, tin otrantth ●d “viocositym”

uo~d hors WOU1.J ~ high, but thata propartias ● ra vary oanaitiva to the
oolldsluacar ratio ● t high ●oiid conccntratiorit [&,3], Us hava baan unable

to Locatm sny data for ● lxturgs ao dry ● s tha ona conaidorad, ●nd ● x-

trapolatlon from four tint our wa tar contsntm can glva valuss on tha ordar
of chcoa uaad hara. Howcvor, WQ have littlt con ffdanca in tha
●xt:apo Latims.

This ●oil ■odal lo cl~arly v-ry simplified ●d raquiras ●xtansivo f.r -
thcr davalopmunt baf.JKa ft cot~ld ha conaidar~d pradicti+-a. Nmvarthalaos,
it do.mn parmit ●- ●valu~tion of tha ralatlva impor~ncc of inartial ● f-
facts ●nd diract otrain-rato ● ffacto in boll. Th- ●odal supports our

concluoLon baa-d ●olaly on tha dats that tha dlff~ranca batuaan tha
r~oponaa of dry ● lluvium to taotlng in tha tao sun ●td taoting sc lower

rstas io prl-rily ● ttribuubla to lnartlal ● ffacto.
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